The currently reported limits for a fourth generation charged lepton, L + , ' with an associated neutral heavy lepton (LO) 2 if LO is massless. However, Perl 3 has recently argued that the e+e-limits are not valid if the mass splitting mL+ -mLO is between 0.2 and 3.5 GeV. Under this condition, the very large missing energy which results makes it difficult to observe charged leptons as light as 2-4 GeV. Further study will undoubtedly reduce the allowed region.
In general, if m LO is not negligible, one would expect LO to be unstable and decay rather quickly due to mixing with the lighter generations 4 • However, recently one theoretical modelS has been proposed in which the LO is massive and yet is absolutely stable. (Such a particle could be a candidate for the dark matter of the universe). Thus, it is important for experimentalists to allow for a We will allow for arbitrary combinations of V and A couplings at the vertices, so that the formalism can also be applied to the production and decay of righthanded leptons and supersymmetric fermions (neutralinos and charginos). This also allows our formulae to be used for processes involving Z exchange.
For the width r(L+ --+ LOq7j) , we use the labels of Fig. 1 . The required vertices are:
Eq. 1 is also applicable for Z-exchartge (for W-exchange, gL = 1 and gR = 0).
Defining (2) we have 83 = mi+ + mio -81 -82 since we will always take the quark mass to be zero. Then,
. including the spin-average factor of 1/2 and a color factor of 3.
(3)
Performing the integration over phase space, we find the following total rate:
We can obtain the standard result for mLO = 0 by letting x -+ 0 :
(6)
Another useful limit is the one for mw ~ m ~+ , m LO (i. f. Z ~ 0 with x fixed):
Turning now to the calculation of the full matrix element, we use the labeling of First, the results for the 2 ~ 2 process ud ~ L + LO are:
where the factor (11 2 ) includes the color average (!), the spin average a) and the color factor (3). The partonic center-of-massenergy is denoted by s = (PI +P2)2. where we have included the factor of (11 2 ) described above and a color factor of (3) from the L+ decay. The expression for the V +A case is the same as Eq. 11
with the interchange PI -P2. The corresponding formulae for W-exchange are exactly the same as those given in Eqs. 10-11, as long as one charge-conjugates all particles in Fig. 2 , while leaving the momenta labels unchanged. Since one cannot determine the charge of the W in the actual experiment when the final decay products are quarks, we shall sum both W+ and W-contributions when presenting numerical results.
With these formulae, one can now proceed to determine cross-sections for the production of charged leptons with associated massive neutral leptons. We have performed a theorist's version of this calculation in order to give the reader an approximate idea of the limits possible from current hadron colliders ( the SppS and Tevatron). We urge experimentalists to use the formulae here to do the complete determination of the limits.
Our procedure was to use the partonic event simulator described in Ref. 7 .
We are able to simulate many of the VAl cuts, triggers and resolutions at the partonic level. Our jets consist of partons which have been coalesced by an algorithm which is very similar to that of VAL We do not hadronize our partons, and therefore cannot simulate any cuts which depend on multiplicity, jet shapes, etc. Many VAl cuts are designed to eliminate backgrounds which, of course, we do not generate. As a check that our results are approximately correct, we have 5 reproduced The formalism presented in this paper can be used in more general situations.
For example, consider the case of supersymmetric fermion pair production in W and Z decay. One may have:
where the X? is the lightest supersymmetric particle and escapes the detector. We present the results for arbitrary V and A couplings. However, we will continue to follow the notation of Fig. 2 . The W+ L -LO vertex and the final W+qij vertex are given in Eq. 1. In addition we also allow the initial udW+ vertex to have an arbitrary mixture of V and A:
The averaged matrix element squared for ud -+ L + LO is then given by:
where s = 2Pl'P2 (we set all quark masses to zero),
The full 2 -+ 4 spin-averaged matrix element squared for ud -+ L+ LO with L + -+ LOqq nn the narrow-width approximation) is:
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